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FLIW llWKESTIGATIONAT SUBSONIC,TRANSONIC,AND

SUPERSONICVELOCITIESOFTEEBINGE-MOMENTCHARACZ?EEUSTICS,

LmERA140NmoLEFFEcnTvmEsS,ANDWINGDAMPINGINROLL

OFA 60°SWl@lWICKDEL’JQWINGWITH

WF-DllZ~‘J?IP~ONf#

(I&vised)

By C.WilliamMartzandJamesD. Church

A flightinvestigateionofanNACAhinge-momentrollresearchmodel
consistingofa sh~osed cylindricalbodyequippedwitha cruciform
.srrangementof 600sweptbackdeltawings,twoofwhichwereequipped
tithhdf+elta tipccatrols,wascmductedat theIaz@@ Pilotless
AircreftResearchS&ationatWallopsIsland,Ta. Reduceddata,obtained
at zeroangleofattack,arepresentedasthevariationwithMachnumber
ofdamping-in-rollcoefficient,ailercnrolling+omentcoefficient,
lateral-controleffectimness,andhinge+mmentcoefficiaxte.%vexious
deflectiaus.

Resultsindicatedthatthehalf+eltatipailera (h-e lineat
63.5percentailermrootchord)wasverywellbs2enced,especiaUyat
transoa.icendsupersonicspeeds.Hing&momentcoefficientswerefound
to reducealmuptlyat a Machnu.uberof 0.91,indicattiga rapidrearward
center+f-pressureshift.

Themeasureddemptig-in-rollcoefficientswereapproxhnately34per-
centlowerthanthevalues predictedby lineartheo~ at supersonicMach
nudbers.Subsonicvaluesofthedsqin~in-rollcoefficientwerefound-
tobe about28percent_lowerthanpredictedby lifttig-linetheory
comectedforsweepbackandcompressibilityeffects.

Aileronrollin&momentcoefficientswerefoundtobe approxhately
78percentofthevaluespredictedbyltieartheoryat supersonicMach

1

‘OriginallyissuedFeb.7,1950asNACARML9L14.
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2 NACARML51.G18

numbers.Therewerenoabruptchanges+naileronrolling-momentcoef-
ficientsattransonicspeeds.

Rollingeffectivenessofa delta-wingconfiguration,calculatedfrom
reduceddataoftheinvestigation,agreedfavorablywithpreviousrocket-
testresults.Onlya smalllossinrollingeffectivenesswasobtainedat
transonicspeeds.Thedelta-wingconfigurationwasfoundto retainmore
thanhalfof itssubsonicrollingeffectivenessat a Machnumberof1.5.

mODUCTION

As partofan endeavorto provideaerodynamicdesigndatafor
guidedmissflesandhigh-speedaircraft,a free-flightprogramwasinit-
iated to determinethehinge+uoment androllingcharacteristicsofa
seriesofpromising_ileron confi~atians.Ithadbeenindicated
fromfre-flightrockettests(refereace1) thatheJf’+ieltawin@ip
aileronsprovidesatisfactoryIateral-ccxrtroleffectivenessthroughout
thetransmitandlow+mpersonlcspeedranges.Itwasfurtherrealized
thathalf+eltatipaileronsprovidedaqle opportunityforaercdpmfc
balance,bothbecauseofthemechanicaleaseoflocatinghingeaxesand
becauseofthesmallmovementofcenterofpressurewithmoderatechanges
indeflecticmangleandMwshnumber.Inaddition,itwasknownthatthin,
highlysweptwingsoflowaspectratiooffer.theadvsntageoflowdrag.
Therefore,a 600sweptbackdeltawingwithhalf-deltatipailermswas
chosenas thefirstofthisseriesforthepresentinvestigation.

Results.obtatiedinthisinvestigationincludedhingemoaleats,
dampin~in-rollmoments,aileronrollingmcm.ents,androlltngeffectiv-
nessfromMachnuuibersof0.69to 1.52forallailerondeflections
betweent~”at zeroangleofattack.

b
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SYMBOIS
—

wing span, 2.58feet”

wingmeanaerodynamicchord,1.49feet

aileronmeanaerodynamicchord,0.385foot

total*g areainoneplane,2.89squarefeet

areaofoneaileron,Oo~ squarefoot

deflectionof me aileron,degrees . —
.

rateofroll,radbnspersecond
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M’ Machnumber

P massdensityofair,slugspercubicfoot

T free-streamvelocity,feetpersecond

~ -c pressure, pounds

v coefficientofviscosity

R
()
pZ-VReynoldsnuuiber—
w

()p#persqyarefoot —
2

ofair,slugspercubicfoot-seccmd

az longitudinalaccelerationofmodel,g tits

g accelerationofgravity

% aileronhinge+mcment coefficient

(

Hingemomentabouthingeline

@aEa )

cz– -~ti+oll coefficient,perradisn
-P

/
Damping-in-rollmomenton a~g -s)

cl ailerarollin~nt coefficient,
5

(

Totalaileronrollingmoment
8qbS )

)
perdegree

Allrollingmomentssretakenaboutthelongitudinalaxis.

MODEL

Thehinge-momentrollresearchmodelusedinthisinvestigationcon-
sistedofa sherp+aosedcylindricalbodyequippedwitha cruciform
arrangementof600sweptbackdeltawings.A dratingofthemodelsnd
boostershowingthewer-alldimensiasispresentedinfigure1, snda
photographof’themodelis shownas figure2. ‘
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Twoofthediametricallyoppositewingswereequippedwithtip
aileronsandtwoofthewingswereaffixedtoa rolling+mmmt balance .
beamas showudiagrammaticallyinfigum 3. Thewingpanelshada
modifiedhexagauilairfoilsection,themaximumthicknessratioofwhich
variedlinearlyfrom2.32percentattherootch-ord(atfuselagecenter —.
line)to 9 percentattheparttiglineofthew5ngendaileron.The
half-deltatipailerons,fastenedtotheoutboardendsoftorquerods,
hadmodifieddoubl~edgeairfoilsectimswitha constantthickness-
t=hord ratioof 3 percent.Thegapbetwentheaileronanda fence
mountedanthetipchordofthewingpanelwas.0.01inch.B’igure4 is
a sketchshowingthedetaildimensicmsofthewingandailercm,and
figure5 isa photographofthe~leron assembly.Thelatter
figurealsoillustratesthegapexistingbetweenthefuselageskinand
thedmnpin~ingsurface.

Itwasfoundfromprefli@twfngtorsiateststlwtestimatedflight
loadswouldproducenegligiblewingtwist.

IN~ATION
.

ThemodelwasequippedwithanNACAtelemeterwhichtransmittedthe
—

followingflightdata:normalandlongitudinalacceleration,staticend .
total.+headpressure,ailerondeflectionandhingemanmt~angularrolling
velocity,androllingmcmlat. —

A balancetomeasureaileronhingemmentsanda control~osi%ian
indicatortomeasureailerondeflectionswereconstructedas integral
partsofa controlpowerunit,theunitbeingmountedin
ofthewingsection.

Rollingmomentwasobtainedby rigidlymountingthe
rollwingsto thefreeendofa steelcantileverbalance
ficialdampingwasemployedinthisassembly.

theafte~part

two damping4.n-
beam. No arti-

Tnadditiontothismodelinstrumentation,a radioscmderecorded
—

atmmspherlcdataatallaltitudesshortlyafterfiring.l?light~th
datawereobtainedwitha radartrackingunitandCWDopplerradarwas

“.

usedto determineinitialflightvelocities.Photographictrackingwas
—

alsoemplagedto obtatia visualrecordofanyflightpeculiaritiesor
structuralfailuresduringtheflight. : —.-

.

““”Q.CONFD3NT::;~L ..------=

,, .~. .,.<, “LA —
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TECHNIQUE

5

Thetechniqueutilizedinthisinvestigationconsistedofmechsni–
csllypulsingtheafleronsthroughouttheentireflightsuchthattheir

—

deflectionvsriedsinusoidallywiththne. Thepulsingfrequencywas
4 cyclespersecondendtheamplitude35°. Thistechuiqueenabledhinge-
momentdatatobe obtainedforallailerondeflectionsoverthecomplete
Machnmiberrangetested.Allhinge+nomentdatawerecorrectedforthe
inertiaeffectsoftheaileronandcontrolHnkagecausedby thepulsing
motionaswellas theload+ef’lectioneffectsofthecontrollinkage.

Theresponseofthemodelto thesinusoidalcantrolinputinvolved
motionaboutthero~ axisonly(aswassubstantiatedby a normal.
accelerometerreadingof zerool)tainedthroughouttheflight).Thus,
angh+f-attackeffectswereconsiderednegligibleupontheresults.
By consideringthemodeltobe restrictedto onedegreeoffreedom(roll),‘
theaileronrollingmomentsweredetemninedby an applicationofthe
methodofleastsquares,as is shownintheappendix.

1

. Wingrollingmcmentsweremeasureddirectlyby
tionsoftherollin&momentbalancebem fromwhich
rollwasdeterminedas shownintheappendix..

ACCURACY

telemetereddeflec-
thewingdampin&in-

Althoughhingemomentsweremeasureddirectlyfromtelemetered
deflectionsofa calibratedhinge+nomenthem, errorswereintroduced
intothesemeasurementslargelyby inaccuraciesin instrumentation.

bstrumentphase-lagerrorsresultedina substantiallossin
accuracyofthedszup~in+rollresultsat subsonicvelocities.The
largenumberofcalculationsnecessszginthereductionofthedamping.
in+rolldataendtheaileronroll.ing+mmentdataresultedina small
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decreasein accuracy of theseresults.The
preparedto indicatetheestimatedprobable
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followingtablehasbeen
percent~eerrorofthe .

rollingpmmeters throughthevelocityrange:

TratlSonic Supersonic
‘mtiw (M= %%gat:O.85) (M= 0.85tO IS5) (M=l.15to 1.52)

*X
C2P

*10 *7

c26 *3 *5 *8

Allhingemomentsweremeasured

*

Flightcmditims existing

witha possible

ANDDISCUSSION

atthetimethe

.

errorof*1Linch-pounds.
4

‘

datawereobtained
resultedina ReynoldsnumbervariationwithMachnuniber,asResented
forreferenceinfigure6.

Hingemments.-Allhinge+aomentdatapresentedinthisreportwere
obtainedduringdeceleratedflight(-3.5< a2< O)and-atzeroangleof
attack,

Thevariaticmofhinge+cmmnt coefficimtwithailerondeflecticmis
presentedinfigure7 overa Machnumberrangeof0.69to 1.52.These
coefficientswereobtatiedfortheaileronmovingin%othpositivesnd
negativedirections,as istidicatedby thecurvesymbols.Thepresented
curveswerefairedthroughtheaver%jeof~q v~ues obta~~ @er the ,.
abovetwoconditimssincethereasm fordisagreementisnotapparent
atthistime. AtMachnumbersfrom0.69to 0.84thevariationsareseen
tobe approximatelylinear,whichindfcatesthecente~f-pressureloca-
tionoftheliftloadontheailermtobe invariantwithdeflection.
Thepositiveslopesofthecurvesindicate,(fora trim?pdcondition)
thatthecenterofpressurewasforwardofthehingelinewhichwas
at 63.5percentoftheaileronrootchord.At a Machnumberof 0.91the
curveretainsmostofthepositiveslope,but,qS~ch~~ber iS~crease~
to0.92,a largedecreaseinslopeisobserved.Thisdecreaseinslope ,
isan indicationofa rapidrearward shiftinthecenter+f-pressure
location,mostpro%ablytheresultofa lossinliftoverthenosesection
oftheaileron,andwill.be seenlaterina differentform. Thevaria-
tionof ~ with 8 isalsolesslinearat M = 0.92,indicating

.

. —

.-

—

—

--

r
—.

CONFb



NACARML5u18 7

a smallrearwardshiftincenter+f+preseurelocatioatithincreasing
deflectias.Theshapesofthehlnge+ncment40efficientcurvesfrom
M= 0.95 to M = 1.52 changeonlyslightly,thecurvesdecreasingin
slopeasMachnumberisincreased.At lowailerondeflecticmstheslopes
ofthecurvesremainpositive,butathigh% deflectiastheslope
approacheszeroendfinallybeccmesnegativeatthehi@estdeflec-
ticms(~” to SO), indicatingthecenterofpressurehasmovedrearward
withincreasingdeflection.Wind-tunnel-testresultsat M = 1.9 ofa
modelsimilarto thatusedinthepresentinvestigation(reference2)
indicatethatthecente~f-pressurelocationat zeroangleofattack
wasslightlybehindthehingelineforthetestdeflectionrangeof*lOO.
DifferencestiMachnumberbetweenthetunnelresultssndthepresent
testresultsdonotallowa validcomparisontobemade.

It shouldbe pointedoutthatthetilermwasoutoftrimthroughout
thel&chrsnge.Thiscanbe seeninfigure7 by thenegativevaluesof
aileronhinge+noment coefficientat zerodeflection.Thevariationof
thisoutif-trtimomentwithkch nunibercsmbe seanmoreeasilyin
fi~e 8,whichisa crossplotoffigure7 andpresentstheveriaticm
ofhinge+.mmentcoefficientwithMachmmiberforvariousailerondeflec-
tions. Theout+i-trimmment,indicatedhy theverticaldisplacement
ofthezero-deflectioncurve,wasfoundto increasesuddenlyfroma
vd.ueof-0.005at M = O.~ to a maxinnmvalueof4.011 at M = 0.91.
Theout-of-trimmomentthendecreasedwithincreasingMachnuniberand
approacheda negligiblevalueat M = 1.52. Out oftrimhasbeenpre-
viouslyexperi=cedin ‘leymnetrical.lldeltawingsandisbelievedtobe
theresultof _ ccmstructimerrors.Figure8 agatishowsthelarge
decreaseinhinge+mmntcoefficientsat M = 0.91~ Itshouldbe pointed
out,however,thatthesubsmicvalues,elthou~largeincomparisonwith
thetrensonicandsupersonicvalues,areact- * as compared~~
valuesobtainedforotherpresen~e ailerons.

Rollingparameters.–Figure9 presentsthedampin~in-rollresults
oftheinvestigationincoefficientform()Czp

from M . 0.69 .

to M= 1.52. IncludedforcomparisonaretheoreticalCzm values

(reference3)for 1< M <1.6 whicharebaseda a 600s%ptbackdelta
wingof idanticalplsnformwithnobody. Alsoincludedforcomparison
isonewind-tunneltestpetitat M = 1.62(reference4) fora uniplan~
wingmodelwitha ratioofwingspantobodydismeterapproximatelyequal
to thatofthisinvestigation.Theshapeofthedampingcurveobtainedin
thisinvestigationisseento comparefavorablywithlineartheorywithti
thecomparableMachrange;theactualdifferenceinmagnitudesbetweenthe
curves,however,cannotbe explainedby e~er~t~ ~ccuracY. me
ratioofwingdampingwitha bodytowingdsmpingwithouta bodyas —

obtainedtheoretically(reference5)foran identicalbody-diameter-
wing-spanratioasthattestedindicatesa &percentincreasein C2

P
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forthebody-oncondition.It isthereforeunlikely
inthecomparisonoftestresultswithlineartheory

thatdisagreement
andthetunneltest

pointres~tedprimarilyfrombodyeffects.It isbelievedthatthis
disagreementistheresultofmutualwing-interferenceeffectsofthe
cruciformconfigurationwhichwerenot,consideredintheuniplana~ing
theory.Subsonicvaluesof”Clp werefoundtobe about28percent

lowerthanpredictedby lift5ng-linetheorycorrectedforsweepbackand
compressibilityeffects(reference6). At transonicvelocitiessmall
abruptchangesoccurredin Cz “-itsmagnitudefirstIncreasing,then

decreasing,andfinallyslight?yticreasingagainwiththetotslvaria-
tionapproximately22percentofthemeanvalue.

Thevariationofaileronrollin~~t coefficientCzb withWch

numberispresentedInfigure10 overa kch rangeof 0.69to 1.52.CalcW
lationsof Ctb basedonlineartheov (reference7) arepresmtedfor
comparisonat supersoniclhchnumbers.Thetestresult;-werefoundto
be from15percentto 30percentlowerthantheoryat supersmicMach
numbers.Thisdifferenceistheresultofthenonapplicableassumption
ofen ~inltel.ythinairfoilutilizedinthelinesrtheory.Tunneltests
ofa similarmodel(reference8) haveindicatedno appreciable~ariation
in Cla withmoderatechangesInparting-linegap. It isinteresting
tonotethatthereareno sharpbreaksorrolliqpmment.lossesattran-
sonicMachnumbers.Therewas,however,a &5-percentdecreaaein C25
betweentheMachnunibersof1.0ad 1.5.

Figure11presentsthevariaticmofwing-tiphelixangleperunit
pb/2V

ailercmdeflection—
b

as calculatedfora.steady-staterollingcon-

ditionfromthe C
%

and C2b dataobtained@ thepresentinvestiga-

tion. Introducedforcomparisonsxerolling+?fectivenessdataobtained
fromfre-flightrocket-testmodels(reference1). Thecharacteristic
decreaseineffectivenessatMachnunibersslightlylessthan M = 1
resultedprimemilyfromtheincreasedda.mping+i-rollvaluesatthese
velocities,butthislossineffectivenesswassmall(10percent)con+
paredwithotherwin&aileronconfigurations,someofwhichhave
reversedeffectiveness.The600win~ileronccmtdnationtestedaJso .
wasfoundtoretain65percentofthesubsonicrol.ling+fiectiveness
valueat M = 1.5.

-.

.

Y.

.
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.
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CONCLUSIONS

ThefolJ.owingconclusionsmaybe drawnfromthe
tigation:

1.Thehalf-deltatipailerontitha hinge+ine

resultsoftheinves-

locationat 63.5per-
centrootchord,al.thou@slight=overbalancedthroughouttheflight,

t coefficients,especiaUyat transonicefiibitedverysml.1hinge+ncmen
andsuperscmicvelocities.An abruptreductionofhingeammentcoeffi-
cientoccurredat a h&chnumberof\O.91,indicatinga rapidrearward
cente~f-pressureshift.

2.Thehinge+nommt dataindicatetheailermcenterofpressureto
be constsntwithdeflecticmat subsonicMachnumibers.At trsnsonicend
supersmicMachnumbers,however,a smsllresrwardcentemf~ressure
shiftwasindicatedforincreasingpositiveandnegativedeflections.

3.It isbelievedthatminordifferencesinthefabricationof
ltsynm&rical.ltairfoilsectionsresultinappreciableout-of-trimeffects

. forairfoilswhichemploya lsrgesmountofaerodynamicballsnce.

4.At supersonicspeedsthedemp~in-roll coefficientCZP was
.

foundtobe approximately34percentlowerthenpredictedby linear
theorytithinthecomparableMachrange.At subsonicspeedsc~ was

P
foundtobe about28 percentlowerthancorrectedlifttig-linetheory.
At trsnsonicvelocitiessmallabruptchangesoccurredin Cz – its

P
magnitudefirstincreasing,thendecreasing,andfinallyslightly
increasingagainwiththetotalvariationapproximately22percentofthe
meanvslue.

5.Theaileronrollxoment coefficimt%5 decreased45percent

athk,chnumbersfroml.Oto 1.5. Therewereno abruptchangesin cz~
inthetrsnsonicspeedrenge.

6.Theresultstndicatethero~ingeffectivmess(atsmallangles
ofattack)ofa delta~ withtipaileronstobe verysatisfactoryat
bothsubsonicandsupersonicspeeds.Thecharacteristiclossh rolling



10 NACARM w.G18
●

effectivenessattrarmonicspeeds(foundtobe theresultof increased
dsmpinginrollfortheyresentconfiguration)wascmly10percentfor .
theconfigurationtested.,whereasothertypexilercm conibinations
sufferseriousreduction:andevenreversalsinrolMng
at thesespeeds.

effectiveness
---

LsngleyAeronauticalLaboratory
NationalAdvismyCommitteeforAeronautics

LengleyAirForceBase,Va.

.

.-
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APPENDIX

ME!THODOFREDUCINGROI&DATA

Thefollowingleast+quereapplicationwasutilizedindetermining
theaileronrollin~oment+oef’ficientresultsfromthetelemeterdata
recordedintheinvestigation.

L

TJ
- . .
‘?J,T

Ix

9,8

%-%+ . . .

E$mbols

totalrollingmoment
f-t-lb

meamred at wing balance beam,

outif-trtirollhgmomentof

out+f-trimrollinnmomentof

d=I@Zlg-S, ft+b

model,ft-lb

totalwingareainbothplanes,5.78sqft
[s1= (2s)]

dsmpin~ti-rollcoefficient,perradien

(

Totaldsmping-tn-rollmoment

g (@Sl
)

angle of bsnk, radisns

timederivativesof

momentof inertiaof
Slu&fta

momentof inertiaof

‘?

modelaboutbngitudinslaxis,

dsnpingwingsaboutlongitudinal
axisofmodel,slug-ft2

~ deflectf~Of efig~under applied
flightloadsmeasuredaloutmodeIlongitudinal
axis,radisns

timederivativesof 19

timereferences
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Method
.

Thesingl-egre~f–freedcmrollequatim -.

IN - Cl ~ qbsl~= -.Cz#qbS+ Lop) m (1)

containsalltherollingmomentsapplicableto thetestmodelwhilein
flight. ThederivativesC25 snd Cl

PI
areassumedtobe constentat

S.IIY P@icfl= Wch number.(Thisassumptionwasfoundtobe valid
withintheacouracyofthepresentinvestigation.) Forconvenience,the
followingidentitiesexesubstitutedh theprecedingequation: -

%= -C25qbS

‘3 ‘h

The resulttig equaticm

Ix@+ K@ =K25+K
3

ismultipliedby eachof itsvariablesto obtain:

Ix-@+ Kl@ = K@2 + K36

i

.
(2)

.

. —

(3a)

(3b)

(3C)
.

.
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By reco~dingseveralsimultaneousmeasurementsofthethreevsri–
a%les(q,$,and 5) at constantMachnumberfromtheteleineterrecord,
thefollowingconstantscanbe evaluated:

A=x(”@) = -%12+ %22 +%32+.*=

B = ~(@@ = @@tl + ~2~2 + @@t3 + . . .

c = E(68)‘ R1%l + %#t2 + %3%3 ‘ s ● “ ,

z(g)E= “-

F = ~(~)

G = ~(@)

~(g)

I

EvaluatedasA,B, andC
H= -

J = ~(b2)

L = ~(~)

Replacingthevariablesin equations(3)withtheabovemeasured
constantsyieldsthreesimultaneousequatims

The
ofthese

(4a)

IXC+ ~G = K2J+ K3L (b)

threeunknownsKl,~, and K3 areobtainedfromthesolution
equatians,md, fromequation(2),Czb iscalculated.

Ratherthenusethemodelro12ingresponseto determinewingdamping
inroll,a moreaccuratemeenswasusedinwhichtheactualrolling
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momentof the wingswas measured. throughthO,useofa rolll.ing+nmnt
lxiLance.Thisbalencemeasuredthetotalmomentonthewingswhich
includedthe

.
momentduetowinginertia,wingdamp~ moment,andout-

of-trimrollingmoment,Thefollowingequaticmconta@ allthetom- .. . ...
ponentmomentsmeasuredby thebalance:

L= I#j-e)-c~ *cll@@-iO+Lol
P ,,

Theleast+qume applicatimto thisequationwag.usedasbeforeto‘.
detemlnethedamp-in-rollcoefficient.CZp.

—

Thevariablesusedintheleaet-squareapplicatiaswereobtained
fromthetelemeterrecord,a sampleofwhich18illustratedimfigure12. ‘-

.

.

!J
—

.
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Figure 2.- Photograph of pulsed-controlroll research vehicle.
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